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ABSTRACT 


Ths  pUvpos*  of  this  roport  is  to  bring  to  tho  attontioa 
of  the  user  a  diapoeitive  printer  rereatile  and  capable  in  , 
operation  to  perfoni  the  funetiens  of  several  pieeee  of  print¬ 
ing  e<piipnent  in  current  use.  The  report  explains  the  versa¬ 
tility  and  oapabilities  of  the  printer  and  functional  aspects 
of  each  design  feature  from  the  tine  of  its  inception  to  the 
final  stage  ef  cenpletion,  including  the  engineering  problems 
encountered  and  steps  taicen  to  correct  these  deficiencies. 

Today  in  the  field  of  photograanMtxy  the  preset  nethods 
of  diapoeitive  printing  require  a  separate  printer  for  each 
filn  sise  and  focal  length  used.  To  eliadnate  this  nniltiple 
requirssMttt^  the  idea  of  combining  the  functional  requirements 
of  several  printers  into  one  versatile  piece  of  equipment  sas 
conceived.  Parrand  Optical  Co.,  Inc.  of  Bronx,  New  Yorlc  was 
awarded  this  task  under  contract  AP  30(602)2208  from  R.A.D.C., 
Rome,  New  York. 

By  application  of  engineering  principles  and  design 
techniques,  it  was  possible  to  design  and  fabricate  subject 
dispositive  printer  IN-49  to  aeceoplish  all  the  required 
functions  of  several  printers  into  one. 

The  versatility  and  capabilities  of  this  new  printer  can 
be  fully  appreciated  when  taking  into  account  the  vaurious 
functions  it  performs. 

The  printer  accomswdates  three  sizes  of  film  format, 

2  1/4"  X  2  1/4"  (70  OB  film),  4.5"  x  4.5"  and  9.0"  x  9.0". 
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By  a  ayatoB  of  projootlon  lenaos  It  can  produce  either  exact 
geonetry  or  cmatant  size  dlapooitive  prints  from  any  of  the 
specified  fonnats.  The  diapoaitlee  prints  are  subsequently 
mounted^  stereoacopioally  viewed  and  evaluated  by  use  of  a 
Balplex  plotter  or  similar  equipment. 

A  unique  feature  is  the  simple  and  foolpiroof  method  to 
align  the  prlneipal  point  of  the  film  format  to  the  projection 
axis.  Heretofore  fiducial  marlcs  were  sepeu^ataly  aligned  with 
an  Indlvidiial  magnification  system  for  each  fiducial  mar^. 

This  method  is  now  entirely  eliminated  by  simultaneously 
projecting  the  four  fiducial  marke  onto  a  viewing  screen 
mounted  in  front  of  the  operator.  By  operating  the  control 
knobs  the  operator  can  easily  define  and  position  the  marks 
to  the  crossline  reticle  Inscribed  on  the  viewing  screen. 
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The  Bain  re<iuir«ient  of  this  ooatract  is  to  doslcn  a 
diapoaltlvs  priatsr  that  has  a  oapability  of  produolng 
diaposltlves  on  110  osi  square  plates  using  several  oom- 
biaations  of  film  fomats  and  oaaera  fooal  lengths. 

These  eenbinatisns  are  as  follows: 

Ponaat  Size  Poeal  Length  of  Canera  Lenses 

70  SB  1  1/2"  3"  6" 

4  1/2”  X  4  1/2”  3"  6”  12” 

9"  X  9"  6"  12”  18” 

The  diaposltlves  ai^e  to  be  suitable  for  projection  in 
etere(q;>lotters  whose  principal  distances  are  33  am. 

The  camera  lenses  specified  necessitate  various  pro¬ 
jection  ratios  between  the  film  and  diaposltive.  This  is 
done  in  a  nominally  constant  film  to  dispoaitlve  distance. 

The  focal  lengths  of  all  projection  lenses  are  such  as  to 
produce  the  necessary  magnification  in  approximately  the 
sane  conjugate  distance.  The  diaposltive  plane  Is  variable 
in  position.  This  makes  it  possible  to  make  a  "sero”  setting 
of  the  diaposltive  plane  for  each  of  the  four  projeotien 
systems.  Additional  axial  adjustments  are  provided,  by 
means  of  micrometer  dials,  to  vary  the  projection  lens  and 
diaposltive  positions  as  required  by  the  calibrated  focal 
length  of  the  camera  lens. 
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DtalgD  study  at  ths  bscianlng  of  this  projsot  osntsrsd 
aurouad  ths  oholes  of  lenses  to  projeot  the  flljs  to  the  die- 
positive,  in  order  to  reproduce  the  geonetry  of  the  photo¬ 
graphs  MhsB  projected  in  a  stereoplotter,  uhioh  has  a  projector 
principal  distance  of  55  OBii  the  lenses  nust  magnify  the 
photographic  negative  by  the  ratio  of  55  >■>&  to  the  calibrated 
focal  length  of  the  oaaiera  lens. 

For  the  stereoplotter  to  fom  an  exact  spatial  scale 
model  of  the  photographed  area,  the  dlapositive  nust  be 
magnified  (or  reduced)  from  the  original  negative  by  the 
ratio  of  the  principal  distance  of  the  projection  to  the 
calibrated  focal  length  of  the  camera  lens  as  follows: 

M  -  P 

nr 

where  p  -  33  mn  and  the  noaiinal  values  of  f  are  1.3"«  3"# 

6",  12"  and  18". 

Values  for  M  for  these  lenses  are  1.4436,  .72178,  .36069, 
.18045  and  .12030. 

When  diapositivea  from  successive  negatives  are  printed 
to  these  nagnifioations  (or  reductions)  they  can  be  used 
in  projection  plotters  to  produce  a  theoretically  perfect 
scale  model  of  the  terrain. 

These  nagnificatiems  when  applied  to  the  film  formats 
and  camera  lenses  specified  would  result  in  the  following 
size  diapositives: 
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Format 

Lena 

Dlapoaitlve  Slxe 

70  m  film 

1.5" 

3.248"  sq. 

4.5  X  4.5 

3" 

3.248 

9x9 

6" 

3.S48 

70  mm  film 

3" 

1.624"  e«. 

4.5  X  4.5 

6" 

1.624 

9x9 

12" 

1.624 

70  mn  film 

6" 

.806 

4.5  X  4.5 

12" 

.806 

9x9 

18" 

1.083" 

It  is  apparent  that  the  narrow  field  photography  would 
result  In  diapoaitlves  that  are  too  snail  to  be  adwaatageoutly 
used. 

Moreover,  since  the  distance  between  the  principal  points 
of  successive  dlaposltives,  as  mounted  In  the  projectors.  Bust 
represent  the  air  base  to  the  map  scale.  It  Is  physically 
Impossible  to  set  up  this  distance  between  the  projectors. 

For  this  reason,  the  requirement  for  printing  the  narrow  field 
photography  to  result  In  a  true  geometrical  model  was  eliminated. 
This,  therefore,  eliminated  the  need  for  a  magnification  of 

.12030. 

The  remaining  four  magnifications  are  sufficient  to  provide 
either  or  both  "exact  geometry"  or  "oonstant  foimiat"  dlapositlvo 
prtntlng  for  all  types  of  photography  specified. 

The  four  magnifications  are  accomplished  in  a  nominally 
constant  overall  projection  distaneo  (^proxlnatoly  820  n) 
between  the  film  and  diaposltive  planes.  This  is  made  possible 
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by  the  choice  of  fooal  leogths  of  projeotlon  lenses  that  were 

selected  for  their  recognized  photogrammetrlc  qualities. 

Additional  optical  conponsnts  in  the  main  projector  consist 

of  a  glass  pressure  plate  and  a  correction  plate  between 

which  the  fila  is  supported.  Also  a  compensating  plate  is 

mounted  on  the  diaposltive  side  of  each  lens.  This  is  the 

optical  equivalent  of  the  correction  plate  and  is  used  to 

correct  the  distortion.  The  lenses  which  will  bo  refez*red 

to  as  Lens  Nps.  1>  2,  3  and  4  art  set  up  as  follows: 

Film  Distance 

Lens  Wo.  Lsns  Focal  Length  jbiapoaitiwe  Distance 


1 

200  naa 

1:1.4436 

2 

200  nan 

1:1.72178 

3 

l60  mm 

1:. 36089 

h 

105  ram 

1: .18045 

The  magnificat ions  listed  In  the  last  column  are 
nominal.  Variations  from  these  nominal  values  are  needed 
because  of  variations  in  calibrated  focal  lengths  and  film 
shrinkage  or  expansion.  To  perform  these  adjustments,  micro¬ 
meter  type  collars  provided  on  each  lens  and  on  the  diaposltive 
holder  allow  for  changing  the  position  of  the  lens  and  the 
dlapocltlve.  Charts  are  provided  to  Indicate  the  correct 
settings  of  the  micrometers  ao  a  f'anctlon  of  the  calibrated 
focal  lengths.  This  procedure  will  result  in  "o>:act  geometry" 
dlaposltlves.  figure  1  ohows  that  "exact  gooraetry"  dlapesitlTM 
can  be  made  by  using  lens  flos.  1,  2,  3  -"ind  4  for  photogrsptay 
from  1  1/2,  3,  6  and  9  inch  focal  length  lenses  respectively 
regardless  of  film  format  size.  Figure  1  also  shows  thst 
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Exact  Oeomatry  and  Constant  Format  Schematic 
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"constant  format"  (3.246  Inches  square)  can  be  made  by 
using  Lons  Nos.  1,  2  and  3  with  70  an,  4  1/2'  x  4  1/2" 
and  9"  X  5”  formats  respectively  regardless  of  camera 
focal  length.  The  user  of  the  printer  then  has  the  option 
of  ma'icing  constant  format  diapositives  from  all  types  of 
photography  or  exact  geometry  diapositives  from  all  types 
except  narrow  field  photography. 

It  must  be  remembered  that  V-H  exaggeration  will  occur 
in  the  constant  format  mode.  The  following  table  provides 
information  for  constant  format  narrow  field  photography 
6ind  also  for  constant  format  medium  field  photography. 

CONST AWT  FORMAT  (NARROW  FIELD) 


Film  Camera  P.L.  Make 

Settings  for  l 

Use  Lens  No. 

Dlapesitlve  PD 

70  mm  6" 

1/4  CFL 

1 

13.5  ■■ 

4  1/2  X 

4  1/2  12" 

1/4  CFL 

2 

13.5  ■■ 

9x9  jl8" 

1.  J  CF^ 

18.33  ■« 

CONST  Airr 

FORMAT  {MEDIUM 

FIELD) 

70  mru  3" 

1/'?  CFL 

1 

27.5  am 

4  1^2  X 

4  1/2  6" 

1/2  CPL 

2 

27.5  ■■ 

9x9  12" 

1/2  CPL 

3 

27.5  ■■ 

Having  established  the  optical  pararaeters  the  following 
design  requirements  became  obvious. 

a)  A  yoke  and  housing  to  support  the  cathode  tube  with 
a  device  to  easily  remove  the  tube  for  repair  or  replacement. 

b)  Piduoial  mark  projection  syatems. 
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c)  A  light  eource  iMcbaniam  or  attachaant  to  lllualnate 
and  project  the  riducial  marks  on  a  vlawlng  aoraan. 

d)  Controls  to  transport  the  film  format  in  forward  and 
azimuth  niOtlon  for  aligning  the  projected  fiducial  marks. 

e)  A  device  to  securely  clump  the  film  during  the 
printing  operation. 

f)  A  lens  mounting  plate  assembly  for  each  of  the  four 
projection  lenses  with  a  means  to  easily  select,  insert  and 
remove  the  lens  for  the  required  projection.  Including  a  looko 
Ing  and  stowing  device  for  each  assembly,  the  locking  device  to 
Insure  repeatability  of  positioning  the  lens  in  the  optical 
path. 

g)  Fine  and  coarse  raicrometer  settings  for  each  lens 
barrel  within  .OOOH)  inch. 

h)  A  focussable  diapositive  plate  mount  with  fine  and 
coarse  micrometer  settings  v'jituin  .0003  inch. 

1)  A  hinged  photo- tube  liousing  to  pemit  easy  insertion 
and  rmoval  of  the  diapositive  plate. 

j )  An  indexing  device  to  mount  the  fiducial  marKS  pro¬ 
jecting  systems,  permitting  repeatability  of  alignment  to  the 
cross- xine  on  the  viewiiig  screen. 

■  i)  Spool  rods  to  acconsaodate  the  three  different  size 
film  spools. 

j.  j  An  automatic  electronic  dodging  device  to  produce 
diapositive  prints  of  uniform  density. 
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Tabulation  of  the  above  requlraaents  indicated  that 
repeatability  and  stability  of  the  equipment  was  of  major 
importance  to  consistently  produce  accurate  diaposltive 
prints.  Accuracy  in  positioning  the  projection  lenses, 
format  focal  plane  and  diapositive  focal  plane  was  also 
obviously  apparent. 

With  clarification  of  the  requirements  a  preliminary 
overall  design  was  initiated.  Forestost  in  thought  was  the 
selection  of  the  proper  materials  to  satisfy  the  requirements. 
Rigidity  and  8tx*uctural  strength  analysis  computations  were 
carried  out  of  the  character! sties  of  various  materials  to 
Insure  maximum  stability  of  the  structural  members.  Of  the 
various  materials  considered  (aliminum,  steel  weldment, 
Meehanite,  titanium)  the  outstandlnf^  characteristics  of 
Heehanlte  Type  Indicated  that  this  material  was  most 
favorable  to  the  application:  but  with  the  disadvantage  of 
weight  and  cost  factors. 

The  use  of  Titanium  would  Incur  prohibitive  material 
cost  and  special  machining:  techniques.  A  steel  weldment 
structure  would  be  satisfactory  except  that  the  final  product 
would  not  appeal  to  the  eye. 

compiling  this  information  of  the  various  materlale 
and  weighing  all  the  factors  it  was  decided  that  with  proper 
ribbing  an<^  structure  configuration  Alum  alloy  195-T6  wee  the 
proper  material  to  be  used  because  of  its  low  cost,  easo  of 
machining  and  low  weight  factor.  Diacuaslons  with  the  foundry 
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engineers  attested  to  the  decision  of  using  this  material. 
With  collaboration  between  design  and  foundry  personnel 
the  main  structural  nenbers  were  designed  and  oast  for 
the  maximum  properties  of  rigidity  and  stability. 

With  the  approximate  configuration  of  the  main 
structural  members  established  and  coaoeiwed  it  was 
possible  to  design  the  various  design  features  into  the 
system,  Iceeping  in  mind  that  simplicity  of  the  component 
parts  would  insure  the  greatest  degree  of  maintainability. 

With  this  concept,  all  sliding  and  bearing  surfaces 
were  designed  with  materials  inherent  with  properties 
favorable  to  abreMive  action.  All  surfaces  are  protected 
with  standard  accepted  anodic  coatings  or  paint.  All  rust 
Inhibited  materials  were  eliminated,  thereby  Insuring  the 
equiiMttent  for  a  long  trouble  free,  operational  life. 

The  preliminary  design  was  advanced  to  the  point 
where  it  was  possible  to  disouss  with  R.A.D.C.  the  salient 
points  in  the  design  and  its  operation.  By  discussion  and 
analysis  it  was  possible  to  arrive  at  conclusions  and 
eliminations  of  design  points  not  necessary  or  required 
in  the  final  design.  This  intermediate  step  paved  the  way 
to  a  final  design  embracing  all  the  requireiBeats  of  the 
specifications  without  unnecessary  embellishmmts. 

In  its  present  form  the  dispositive  printer  SN~49 
(Figure  2)  stands  3  feet  11  inches  high  ausd  is  31  inches 
wide.  It  is  comprised  of  three  major  assmnblies  •  Base 
Assembly  (Figure  3),  Lower  case  Assmobly  (Figure  4)  and 
Upper  Case  Assembly  (Figure  5). 
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Th«  Base  Asssnbly  (Figure  3)  is  fitted  with  four  large- 
dianeter  casters  to  provide  ease  of  Mobility .  These  casters 
can  be  loelced  to  provide  a  stable  platfom.  The  housing  is 
of  weldneat  construction  and  has  a  resx>vable  rear  panel.  The 
aasenbly  houses  a  17-inob  cathode  tube  which  Is  mounted  in  a 
tilt  table  cradle  to  permit  removal  and  repair.  The  tube  is 
part  of  the  electronic  illuminating  and  dodging  system  used 
to  expose  the  diapositives. 

The  Lower  Case  Assesdaly  (figure  4)  houses  the  fomat 
tz*ansport  mechanism  (Figure  6)  a  mirror  and  screen  which  are 
part  of  the  fiducial  mark  projection  eystems,  and  the  film 
spool  supporting  anss.  The  foxmat  transport  mechanism  accmnnodates 
any  one  of  three  mask  assemblies  used  for  the  specific  film 
size  (Figure  7).  Each  mask  assembly  serves  a  dual  pui^ose; 
first,  it  provides  a  margin  of  1/2- inch  around  the  film  format. 

In  this  half -inch  margin  the  average  density  of  the  film  is 
extended  to  the  edge  of  the  mask  by  means  of  a  frame  of  film. 

This  is  necessary  for  proper  operation  of  the  electronic 
dodging  system.  Second,  each  mask  assembly  carries  four 
fiducial  max^  projectors.  By  means  of  a  pivot  point,  a  clotted 
"y"  groove  and  free  bearing  point,  each  mask  assembly  can  be 
indexed  and  accurately  repo ait iened  in  reference  to  the  optical 
axis. 

The  mask  assemblies  simultaneously  present  images  of  the 
four  fiducial  taarks  magnified  Qx.  to  the  screen  in  front  of  the 
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FIGURE  2.  OIAPOSITIVE  PRINTER  EN-49 
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FIGURE  3.  BASE  ASSEMBLY 


FIGURE  4.  LOWER  CASE  ASSEMBLY 
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FIGURE  6.  FORMAT  TRANSPORT  MECHANISM 


FIGURE  7.  MASK  ASSEMBLIES 
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operator  (Figure  8).  By  utillalng  the  film  control  motions 
provided  in  the  format  transport  meohanlsm,  the  fiducial 
maz4c8  are  visually  and  readily  aligned  to  the  screen  reticle. 
When  alignment  has  been  obtained,  the  principal  point  of  the 
film  coincides  with  the  principal  point  of  the  film  projection 
lens.  To  project  the  images,  a  light  tray  assembly  (Figure  9) 
is  inserted  into  the  format  transport  assembly  to  provide 
illumination  for  the  fiducial  mark  projectors.  Kleetrlcal 
contact  la  automatic  when  the  tray  is  inserted  by  engagement 
of  the  electrical  connector.  Three  switches  located  at  the 
front  of  the  light  tray  select  the  proper  array  of  projection 
lights  required  for  the  specific  size  film  being  projected. 

This  must  be  resioved  before  actual  printing  commences. 

The  format  tremsport  asa«Bd>ly  also  contains  the  glass 
correction  plate  asseoibly,  pressure  plate  assembly,  pressure 
slide,  traverse  frame  and  azimuth  plate. 

Mounted  to  the  traverse  frame  are  the  film  spool  support > 
ing  arms  which  straddle  and  engage  the  film  spools  by  means 
of  a  spring  loaded  key  and  fixed  bearing  point. 

The  lower  surface  of  the  glass  correotlMi  plate  defines 
the  film  focal  plane.  The  pressure  plate  by  means  of  the 
pressure  slide  securely  clamps  and  holds  the  film  during  align¬ 
ment  and  projection. 

Light-sealing  covers  on  both  sides  and  front  permit  reswval 
of  film  spools  and  accessibility  to  control  knobs. 
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FIGURE  8.  TYPICAL  FIDUCIAL  MARK  PROJECTION  SYSTEM 
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FIGURE  9.  LIGHT  TRAY  ASSEMBLY 
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The  light  tray  assembly,  thx>e«  mask  assembliss  and 
spool  adapter  rods  are  provided  as  aoeessory  Iteau  stowed 
Mh^  not  In  use  In  Case  (Figure  10). 

The  Upper  Case  Asseably  (Plgux*e  3)  contains  the  photo- 
oultlpller  tube  and  housing  assembly,  the  focussing  cylinder 
mounting  the  dispositive  plate  and  four  projection  leases 
mounted  on  individual  pivoting  plates.  The  plate  and  leas 
assemblies  swing  out  of  position  when  not  being  used  and 
are  stowed  by  the  stow  pin  assemblies. 

The  photomultiplier  tube  senses  the  degree  of  light 
emitted  through  the  dispositive  plate  (without  antl-halat^n 
backlxlla')  and  the  signal  triggers  the  rate  of  scan  of  the 
light  beam.  Therefore  dense  areas  of  the  negative  will 
linearly  slow  down  the  rate  of  scan  and  vice  versa. 

The  photomultiplier  tube  can  be  removed  from  the  hinged 
housing  assembly  by  unscrewing  the  gland  nut  holding  the 
assembly  in  place.  The  housing  Is  hinged  to  the  focussing 
cylinder  for  rmaoval  and  Insertion  of  the  dispositive  plates. 

When  the  housing  Is  closed  foan  rubber  pads  press  against  the 
plate  to  firmly  hold  It  In  position  without  strain. 

The  focussing  cylinder  Is  supported  by  a  lead  screw 
drive  and  contains  all  the  supporting  points  for  the  dispositive 
plate  which  consist  of  four  neuntlng  pads  and  two  spring  clips 
positioning  the  plate  In  the  horlsontal  plane.  At  final  assembly 
the  four  pads  are  accurately  ground  flat  and  parallel  to  the 
film  format  plane  by  auto-oolllmatlon. 
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FIGURE  10 
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oyllndsr  is  made  of  stainless  steel  and  attached 
to  a  bronze  bearing  support  which  receives  the  stainless 
steel  lead  screw.  At  assenbly  the  lead  screw  and  menbers 
are  lapped  to  insure  precise  vertical  adjustment  of  the 
dlaposltlve  focal  plane.  By  selection  of  the  materials 
trouble  free  and  long  operation  life  Is  assured. 

A  coarse  reading  on  the  cylinder  barrel  and  fine 
reading  micrometer  dlalscoupled  to  the  lead  screw  accurately 
positions  the  dlaposltlve  focal  plane  to  pre>deterained 
settings. 

Each  projection  lens  (Figure  11)  Is  mounted  onto  a 
hinged  plate  which  can  be  pivoted  out  of  the  optical  path 
and  stowed  when  not  being  used.  When  in  use  the  plate  and 
projection  lens  assembly  Is  pivoted  and  held  In  place  against 
Its  reference  sxirface  by  a  tapered  lock-pin  asseiably  which 
consists  of  a  spring  loaded  taper  shaft  constantly  exerting 
pressure  to  maintain  the  lens  plate  assembly  against  the 
reference  surface. 

The  projection  lens  assemblies  consist  of  the  lens 
assembly.  Inner  and  outer  miorometer  barrel  and  leveling 
plate.  The  lens  assembly  Is  mounted  in  the  inner  micrometer 
barrel  and  secured  with  a  retaining  ring.  The  screw  thread 
and  outside  diameter  of  the  barrel  are  then  machined  on  an 
auto-col llmatlng  lathe  oo-axlal  to  the  lens  optical  axis, 
thereby  assuring  that  the  lens  axis  is  maintained  oo- linear 
with  the  optical  axis  of  the  printer  at  various  settings  ef 
the  leas.  The  outer  and  inner  barrel  indleatea  the  flat  and 
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FIGURE  II.  SCHEMATIC  DIAPOSITIVE  PRINTER 
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coarse  micrometer  readings^  which  accurately  position  the  lens 
to  the  prescribed  settings  for  either  exact  geometry  or  exact 
Image  pointing.  The  complete  lens  aasoobly  is  adjusted  la 
the  horizontal  plane  and  tilted  by  means  of  the  adjusting 
screws  to  align  the  projection  axis  to  the  main  optical  axis. 
Accesability  to  the  lens  assemblies  is  by  means  of  the  light 
sealing  covers. 

The  pre-determined  settings  of  the  projection  lensea  and 
focussing  cylinder  are  established  by  precise  callbratlom  of 
the  tz*u^  focal  lengths  of  the  lenses.  This  Is  necessary  to 
Insure  maximum  accuracy  and  quality  In  the  dlag>05itlve  print. 
Replacmnent  of  the  projection  lens  would  require  alignment 
and  re-calibration  of  the  system  for  that  particular  ims. 

A  "Log-E-tron"  console-model  VM90  (Figure  12)  provldos 
the  completely  automatic  dodging  feature  incorporated  In  the 
system.  By  means  of  the  photomultiplier  tubs  and  feedback 
loop  the  velocity  of  the  "flying  spot"  light  8ouz*oe  is  varied 
according  to  the  varying  densities  of  the  film  to  produce  prints 
of  uniform  density. 


FIGURE  12 
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